Introduction
The kidneys regulate body fluid status and sodium balance and release several blood pressure (BP)-regulating hormones that play an important role in the development of primary and secondary hypertension. The kidneys are also affected by high BP. However, accumulating evidence indicates that this complex interdependence of the kidneys should be considered the culprit rather than the victim of high BP. The present review discusses the true significance of so-called 'hypertensive kidney disease' (HKD; i.e., renal consequences of essential and secondary non-renal hypertension). Based on recent literature, with very few specific exceptions, we believe that such term should be abandoned.
Hypertensive kidney disease: definitions and epidemiology
The epidemiological dimension of HKD remains a subject of debate. Some researchers believe that this is a true epidemic, a frequent complication of, and the second most common cause (after diabetic kidney disease) of chronic kidney disease (CKD) and end-stage renal disease (ESRD). Other researchers, however, deny the existence of such a diagnosis at all [1, 2] . Indeed, several classic studies of hypertension treatment (from the era when placebo could still be used as a control for active treatment) clearly demonstrated that long-term, poorly controlled hypertension damages the kidneys, and both BP and the duration of hypertension are correlated with the risk of CKD and ESRD. The same message comes from large cross-sectional and observational trials, in which renal damage is defined as a decrease in glomerular filtration rate (GFR), increase in serum creatinine, or the development of ESRD [3] [4] [5] . A more recent analysis by National Heart and Nutrition Examination Study found an association between the severity of hypertension and risk of an estimated GFR (eGFR) drop below 60 ml/min/1.73 m 2 . A more detailed analysis showed that such a relationship remains significant only in patients with concomitant urinary albumin to creatinine ratio of ≥ 30 mg/g. No association between BP and CKD was observed below this threshold of the urinary albumin-creatinine ratio (UACR) [6] .
The key argument that is made by authors who believe in "HKD epidemics" is that hypertension is the second most common cause (after diabetic kidney disease) of ESRD.
Most renal registries state that up to 30% of all patients who are on renal replacement therapy developed ESRD because of HKD. This argument can be easily refuted by simply applying the strict definition of HKD. The classic definition (i.e., Schlessinger criteria) states that HKD is renal damage that develops in patients with long-term and poorly controlled hypertension, in which other causes of kidney disease are excluded (Table 1) [7] . However, in most patients who are given a diagnosis of HKD, these criteria are not met because the workup to exclude "other causes" is usually not performed. With the exception of a few situations in which a definitive diagnosis of renal pathology that leads to CKD can be established based on imaging techniques (e.g., polycystic kidney disease, vesico-urinary reflux, advanced bilateral renal artery stenosis, and staghorn nephrolithiasis) or a specific biomarker (e.g., metabolic errors with genetic background), the gold standard in the diagnosis of kidney disease is core biopsy. The vast majority of patients with advanced CKD and ESRD have never been biopsied; therefore, the true etiology of the disease cannot be defined.
A similar epidemiological myth applies to diabetic kidney disease (DKD). Most patients with type 2 diabetes and any renal symptoms (e.g., albuminuria, proteinuria, elevated serum creatinine, and lower GFR) will be diagnosed with DKD, and DKD is considered the leading diagnosis in patients who start dialysis. The clinical diagnosis of DKD, however, cannot be established based on clinical signs or symptoms without kidney biopsy, which is not routinely performed in diabetic patients. The results of available studies suggest the overestimation of DKD as a sole cause of ESRD [8] .
Most patients who undergo renal biopsy suffer from hypertension, but hypertension is almost never considered a single or leading indication for a biopsy. Interestingly, in large biopsy registries, HKD is reported sporadically or not reported at all (except in the United States, where it also does not in general exceed 8-10%), despite a high prevalence of hypertension in the general population and an even higher prevalence in patients with symptoms of kidney disease [9] [10] [11] [12] .
To increase the specificity of an HKD diagnosis, attempts were made to develop criteria that allowed recognition of this entity. Schlessinger criteria and the AASK criteria (i.e. criteria developed for use in the African-American Study of Kidney Disease and Hypertension) were designed for individuals of non-African and African descent, respectively ( Table 1 ). The poor application of these criteria, however, was revealed by Zarif et al., who carefully analyzed medical histories of a multi-ethic group of dialyzed patients with HKD that was diagnosed as the cause of ESRD [13] . Detailed analysis indicated that Schlessinger criteria were met in 1.5% and AASK criteria were met in 13.5% of the respective groups of patients. In many cases, studies of pre-dialysis medical data raised suspicions of renal diseases other than HKD, such as DKD, chronic glomerulonephritis, acute GN, interstitial nephritis, HIV-associated nephropathy, renal cell carcinoma, and even kidney myeloma. Renal biopsy results were available for only four patients, among whom there was one case in which morphologic picture could have corresponded to HKD [14] . These data, although very limited in size, illustrate the worldwide trend of labelling patients with HKD instead of trying to undercover the true cause of renal dysfunction. A total of 35-50% of patients who start renal replacement therapy are referred to renal care in less than 4 months before dialysis commences [14, 15] . In most of them, any attempt to establish a credible diagnosis of underlying kidney disease cannot be made. Hypertension is almost always present, and it is tempting to blame it as a cause of CKD, although the sequence of events (e.g., hypertension first, followed by CKD, or vice versa) usually cannot be established. In the United Kingdom, Finland, and Austria, the reported percentage of patients with hypertension as an apparent cause of ESRD varies between 5% and 10% [16] . These discrepancies in the reported frequency of HKD may be related to the influence of ethnicity but appear to primarily reflect differences in the type and quality of healthcare systems [16] .
The dimension of epidemics of HKD can be placed into the Polish context. Epidemiological studies indicate that 30% of the overall Polish population suffer from hypertension (i.e., ~10 million individuals). It is officially reported that of all patients who undergo dialysis (~22,000 individuals), approximately 30% (~6,000-7,000 individuals) progressed to ESRD through HKD. These numbers suggest that ESRD that is attributable to hypertension is an extremely rare event (even after including kidney transplant recipients). This number is probably even lower because of the presumed misclassification of many patients who are simply labeled with a diagnosis of HKD without biopsy confirmation.
In summary, the true epidemic dimension of HKD cannot be credibly estimated.
However, with the exception of African American ethnicity and extreme cases of long-term, severe, untreated, uncontrolled, or malignant hypertension, this entity as an isolated phenomenon does not constitute an important cause of CKD, although hypertension definitely contributes to the progression of CKD of any cause.
Pathogenesis of hypertension-related kidney damage
Under physiological conditions, intraglomerular pressure is relatively constant, at least in the range of systemic systolic blood pressure (SBP) between 80 and 160 mmHg. The adequate constriction of an afferent arteriole in response to BP rise (i.e., the mechanism of autoregulation) protects the glomerulus from hypertension and also "smooths" the systolic/diastolic difference in BP, thus guarding the glomerulus against pulsation. Indeed, the systolic-to-diastolic change in glomerular volume is minimal. According to current knowledge, two distinct mechanisms of renal damage occur during the course of hypertension. In the first mechanism, autoregulatory properties of renal microcirculation are progressively lost, with resultant abnormal dilatation of the afferent arteriole and a secondary increase in intraglomerular pressure, paralleled by a rise in SBP. The direct transmission of hypertension from larger vessels to glomerular structures causes pulsation, stretching, and endothelial injury. Apart from oxidative stress, these hemodynamic changes activate the renin-angiotensin-aldosterone system (RAAS), nuclear factor B (NF-κB) transcription, and the synthesis of profibrotic growth factors, the leading one of which is transforming growth factor  (TGFβ) [17, 18] .
The second mechanism is considered by some authors to be an alternative to the first mechanism but considered by other authors to simply be a second phase of the first mechanism. This mechanism may be recognized as an adaptive reaction of renal microcirculation with resultant arteriolar wall hypertrophy, lumen narrowing, and flow reduction. This mechanism may be compared to the development of pulmonary hypertension in response to greater blood flow in the pulmonary circulation that is caused by cardiac shunt or arterio-venous fistulas. Similar to the first mechanism, this second mechanism is strongly related to RAAS activation, greater endothelin 1 stimulation, and the expression of proinflammatory cytokines and profibrotic growth factors [19] .
Hypertensive kidney disease and arterionephrosclerosis: not equivalent terms
HKD is a clinical and not morphological term. It is traditionally used to describe a syndrome that is characterized by long-term essential hypertension, hypertensive retinopathy, left ventricular hypertrophy, minimal proteinuria (usually of less than 0.5 g/d or urinary albumin-to-creatinine ration of less than 0.5 g/g) , and progressive renal insufficiency. At the microscopic level, HKD manifests as either an acute thrombotic microangiopathy that is caused by the accelerated/malignant phase of hypertension or a chronic arterionephrosclerosis process [20] . Arterionephrosclerosis is defined as a combination of arteriosclerosis (i.e., intimal fibrosis), accompanied by either media thickening (attributable to smooth muscle cell hyperplasia) or thinning (attributable to vascular wall remodeling or media atrophy), afferent arteriole hyalinization, secondary chronic glomerulopathy (ischemic or hypertrophic), and tubulointerstitial scarring ( Fig. 1-3 ). The evolution of chronic glomerular lesions depends on the pattern of afferent arteriole hyalinization. In the obstructive type of hyaline deposition, glomeruli exhibit progressive ischemic lesions, manifested by evolving simplification of the glomerular tuft that is associated with wrinkling of the glomerular basement membrane (GBM), capillary collapse, and the distension of Bowman's space (Fig. 2 ). In the other form, hyalinization is accompanied by arteriolar smooth muscle cell atrophy and secondary lumen dilatation, which lead to glomerular tuft hypertrophy. Dilatation of the afferent arteriole reflects an impairment in its myogenic response and loss of the autoregulation mechanism [21, 22] . In both forms of glomerulopathies, the ultimate outcome is secondary tuft sclerotization, which is an obsolescent type in the case of ischemia (characterized by Bowman capsule preservation) and a solidified form (with Bowman capsule not preserved) as a complication of glomerulomegaly ( Fig. 3 ) [23] . Ischemic glomerulopathy and the obsolescent type of glomerulosclerosis generally dominate, except in patients of African American descent, among whom glomerulomegaly and the solidified type of tuft sclerotization are more common [24] .
Arterionephrosclerosis is a disease of all renal tissue compartments. Blood is supplied to tubules and interstitial tissue by post-glomerular (efferent) arterioles, and glomerular ischemia leads to tubulointerstitial ischemia, which gradually translates into progressive interstitial fibrosis and tubular atrophy ( Fig. 1) . Additionally, proteins that leak through the damaged glomerulus are reabsorbed by tubules, promoting tubulointerstitial scarring [20] .
In the case of severe or malignant hypertension, its deleterious impact on the kidney is mostly seen in glomeruli, arterioles, and interlobular arteries. The lesions may vary in terms of severity, ranging from widening of the subendothelial region of the vascular wall (an ultrastructural phenomenon) to the fibrinoid necrosis of glomerular capillaries and arteriolar and arterial walls and the presence of thrombi (revealed by light microscopy). Additionally, with regard to the aforementioned lesions, a reduction of the vascular lumen may be complicated by glomerular ischemia, manifested by capillary collapse, GBM wrinkling and ultimately glomerulosclerosis. The other scenario that finalizes with the sclerotization of glomerular tuft is initiated by the increase of the filtration pressure that leads to mesangiolysis, glomerulomegaly and ultimately to so-called hypertrophic glomerulosclerosis.
With time, also the non-glomerular acute lesions evolve into chronic ones: arteriolar hyalinization, and "onionskin" fibrotic thickening of the arteriolar and arterial walls.
Glomerular and vascular injury is initially accompanied by acute tubular epithelium injury, interstitial edema (with interstitial hemorrhage and necrosis in more severe cases), and a mild inflammatory reaction. In later phases, the tubulointerstitial compartment exhibits more or less extensive scarring [20] .
The causal relationship between accelerated or malignant hypertension and kidney injury is usually quite apparent because they temporally coincide, and this relationship is further supported by the simultaneous evolution of retinopathy. Although most commonly discussed in the context of HKD, lesions that define the phenomenon of arterionephrosclerosis are nonspecific in nature and occur under various physiological and pathophysiological conditions.
Studies of peri-implantation kidney transplant biopsies have shown that arteriosclerosis and arteriolar hyalinization are common lesions in donor kidneys. They almost always occur together and evolve in parallel, reflected by similar stages of progression [25] .
Arteriosclerosis and arteriolar hyalinization have been reported to be strongly correlated with age and hypertension. However, analyses of donor kidney morphology have shown that they are generally not accompanied by tubulointerstitial or glomerular lesions that are typical of nephrosclerosis ( Fig. 4) [25, 26] . Moreover, the relationship between the severity of these lesions and the risk of nephrosclerosis has not been confirmed.
The rare occurrence of arterionephrosclerosis as a dominant or isolated type of kidney injury, even in the elderly population, has been confirmed by data from kidney biopsy registries. Studies that analyzed the prevalence of kidney biopsy-based diagnoses showed that the proportion of cases in which arterionephrosclerosis is a dominant microscopic finding ranged from 0.7% in Polish cohorts to up to 3.4% in Czech cohorts [9, 10, 27] . Among Polish elderly patients who underwent kidney biopsy, only 1.0% were diagnosed with arterionephrosclerosis, although as many as 80.6% of the patients aged ≥ 65 years suffered from hypertension [9] . According to other published kidney biopsy registries, the frequency of arterionephrosclerosis as a dominant/isolated pathology in elderly patients varies from 1.53% in Chinese cohorts to 7.1% in United States cohorts [28] [29] [30] . The fact that the prevalence of arterionephrosclerosis in the United States population is distinctly higher than in populations from other regions of the world is related to the greater susceptibility of African Americans to arterionephrosclerosis relative to Caucasians [24] . In African Americans, arterionephrosclerosis may even precede the occurrence of hypertension, demonstrating that it is a pure manifestation of genetic renovasculopathy in some instances (see below) [31] . To date, no studies have revealed any qualitative differences in the which may at least partially explain arterionephrosclerosis being a constant part of progressive kidney disease [33] . In conclusion, with the exception of patients in whom the clinically apparent episode of malignant hypertension is further confirmed by the morphological presentation of arterionephrosclerosis in kidney tissue, HKD cannot be unambiguously diagnosed based on kidney biopsy because of the lack of sensitivity and specificity of morphological findings.
Genetic factors in the development of HKD
Currently available methods for analyzing potential links between specific gene variants and disease phenotypes allow the identification of potential genetic backgrounds that predispose individuals to kidney damage that results from hypertension. One gene candidate is the gene that encodes uromodulin (UMOD; Tamm-Horsfall protein [THP]). The protein is considered kidney-specific because it is synthetized exclusively by epithelial cells of the thick ascending limb. This protein has several physiological functions, including the control of sodium-potassium-chloride co-transporter activity in this region of nephron, which might be relevant to BP regulation [34, 35] . Animal studies recently showed that THP gene knockout or THP gene mutations were associated with the marked upregulation of RAAS and the development of oliguria and hypertension that are unresponsive to furosemide [36, 37] .
Another gene candidate may be the gene that encodes MYH9. The A isoform of type II myosin heavy chain is an important structural component of the podocyte cytoskeleton.
Abnormal MYH9 expression may promote foot process effacement (i.e., the universal sign of podocyte dysfunction or damage). Both the THP and MYH9 genes, in addition to the gene that encodes apolipoprotein L1 (APOL1), appear to affect the susceptibility of renal parenchyma to hypertension-related damage in patients of African descent. Certain MYH9 gene polymorphisms promote the development of renal damage in hypertensive African Americans, although its influence is much weaker than APOL1. Moreover, the influence of MYH9 gene polymorphisms nearly disappeared when controlled for APOL1 risk alleles [38] .
A large study that analyzed the prevalence and progression of CKD showed a strong relationship between the risk of CKD onset, the rate of CKD progression, and APOL1 gene variants in African Americans [39] . Such a relationship was not observed among hypertensive Americans of European descent, in which the prevalence of risk alleles did not exceed 3% of the European Caucasian population [40] . Interestingly, variants of the APOL1 gene that increase the susceptibility to CKD were protective against Trypanosoma, an infection that is transmitted by tsetse (Glossina) flies in Sub-Saharan Africa. APOL1 risk alleles have been reported to promote renal damage through several mechanisms, leading to primary FSGS, increasing the progression of renal damage in adaptive FSGS, promoting kidney injury in HIV-associated nephropathy, increasing the susceptibility of kidney tissue to interferon, and leading to the development of arterionephrosclerosis, which is considered a morphological characteristic of HKD [41, 42] .
The link between APOL1 risk alleles and the development of distinct renal pathology has been identified, thus creating a new clinical entity, APOL1 nephropathy.
Congenital low nephron number as a factor that programs the development of hypertension and CKD
Congenitally low nephron number and low renal mass are considered major determinants of the future development of hypertension or CKD. Histomorphometric analysis indicated that the number of nephrons in apparently healthy people may vary between 200,000 to more than 2.5 million per kidney. Autopsy-based studies have shown than a low nephron number is associated with the development of hypertension (which is usually sodium-dependent), hyperfiltration, proteinuria, and the occurrence of CKD [43, 44] . A low nephron number at birth is also linked to a higher risk of being overweight, obesity, metabolic syndrome, and diabetes later in life. Final development of the kidney and the establishment of nephron number occur late in the last trimester of pregnancy. Therefore, key risk factors of low nephron number at birth (also referred to as "nephron underdosing" or oligonephronia) include prematurity and intrauterine growth retardation. These two conditions, in turn, depend on several socioeconomic and medical factors, including suboptimal prenatal care, maternal nutrition deficits, smoking, alcohol intake, drug abuse, low vitamin A status, infection, hypertension, CKD, gestational diabetes mellitus, and genetic background [45, 46] .
Up to 15% of all neonates are small for gestational age, and up to 10% of all deliveries are premature. Therefore, fetal programming may be an important risk factor for hypertension and CKD in the general population. Many of these adverse outcomes remain preventable with improved prenatal care. Interestingly, some studies questioned the importance of glomerular number for the development of renal damage secondary to hypertension, at least in African Americans. Glomerular volume rather than glomerular number was identified as an independent risk factor for the development of renal damage in patients with hypertension [47] . [48] . RAAS blocking agents are currently considered the treatment of choice not only for patients with hypertension and concomitant albuminuria or proteinuria but also for all patients with hypertension. Patients who use two or more BP-lowering drugs should be treated with an angiotensin converting enzyme inhibitor (ACEi) or angiotensin II receptor type 1 blocking agents (ARB), unless contraindicated. In other hypertension patients, starting monotherapy can sometimes be attempted. In patients with established CKD, the initial treatment should always consist of two drugs, which must include either an ACEi or ARB [48] . Recent United States guidelines, endorsed by many key medical associations, including the American Heart Association, suggest achieving a universal target BP < 130/80 mmHg, independent on any comorbidity, age group, etc. [48] . These criteria apply to all patients with a calculated 10-year risk of cardiovascular disease of ≥ 10% [50] . According to experts from the Kidney Disease: Improving Global Outcomes (KDIGO) expert panel, patients with proteinuria > 30 mg/day are suggested to maintain BP values ≤ 130/80 mmHg [49] . Patients with albuminuria that ranges from 30 to 300 mg/day are recommended to use RAAS blocking agents. This turns into a stronger recommendation once albuminuria exceeds 300 mg/day [50] . According to all available guidelines, double RAAS blockade is contraindicated (e.g., ACEi, ARBs and direct renin inhibitors in any combination). In patients with albuminuria of less than 30 mg/day no first-choice BP-lowering drug is specified. Theoretically, dihydropyridine-type calcium channel blockers (DHP-CCBs) are not best suited for the initial treatment of hypertension in the setting of renal disease because they additionally dilate the afferent arteriole. However, no long-term trials have reported the inferiority of this drug group with regard to kidney function protection, aside from studies that used indirect (surrogate) renal outcome measures, such as a reduction of albuminuria. Additionally, cardiovascular protection is the number one priority in the treatment of hypertension. Thus, comorbidities other than CKD would usually dictate the choice of drugs [50] . Table 2 presents the summary of selected guidelines dealing with target BP values in patients with CKD.
Chronic kidney disease is a frequent cause of treatment-resistant hypertension. A total of 20-30% of all patients with hypertension experience resistance to treatment, and this percentage rises to 80-90% in patients with advanced CKD, which is inversely correlated with the loss of GFR and parallels an increase in proteinuria (albuminuria) [51] . Thus, debates about the choice of the third drug (assuming ACEi/ARB + CCB or a diuretic are the first choice) are purely academic. Most hypertensive patients with CKD will receive three drugs from the aforementioned list. Any other drug that is added to this regimen should be based on general rules of hypertension treatment. Unfortunately, in more advanced CKD, the use of a preferred "number 4" drug, spironolactone, is commonly limited by the risk of hyperkaliemia.
Impact of BP control in essential hypertension on the development of CKD and patient survival
To our knowledge, no clinical studies have evaluated the impact of essential hypertension control with the development of CKD as a primary endpoint (i.e., the primary prevention of CKD in essential hypertension). The only published clinical trial in which CKD progression served as a primary endpoint for assessing the effectiveness of BP-lowering therapy in hypertensive African American patients with already established CKD (i.e., secondary prevention) was the AASK study [52] . One key finding of the AASK trial was that intensive BP lowering did not inhibit the rate of CKD progression. No difference was detected in the rate of GFR loss between patients who were randomized to therapeutic arms with DHP-CCB, a -blocker, or an ACEi [52] . The only renal benefit was found in patients with baseline proteinuria who were treated with a RAAS inhibitor, which is a common finding in trials that are devoted to nephroprotection. Interestingly, among African American patients, the effectiveness of BP-lowering drugs was independent of APOL1 risk allele status [38] . The AASK study may pave the way toward new thinking about the relationship between kidney disease and hypertension in an attempt to resolve the "chicken-or-egg" dilemma. Originally designed to demonstrate protection against renal consequences of primary hypertension, The AASK study turned into a key study that demonstrated that primary kidney disease (i.e., APOL1 risk allele-triggered arterionephrosclerosis) precipitates the onset of hypertension. A similar conclusion emerged from a meta-analysis of 11 trials that included 5308 patients with cryptogenic or non-hypertensive CKD upon enrollment.
Additional SBP lowering of 7.7 mmHg and DBP lowering of 4.9 mmHg compared with standard BP targets did not influence the rate of CKD progression in patients without proteinuria, whereas it reduced the risk of progression by 27% in patients with protein loss > 300 mg/day or > 0.22 g/g of urine creatinine. One should however interpret these data very cautiously since the studies included into this meta-analysis comprised very diverse patient groups (i.e. children, older patients, African American subjects from AASK, diabetics and patients without diabetes; importantly, all were diagnosed with CKD) [53] . Additionally, tight BP control reduced albuminuria or the rate of GFR loss. In patients with established baseline CKD, however, tight BP control had little impact on the cardiovascular or cerebrovascular event rate or overall survival [53] . Some studies, however, reported that BPlowering interventions may be equally effective in preventing cardiovascular events also in patients with a lower baseline GFR. This was further demonstrated in another meta-analysis of 25 prospective hypertension trials that included 152,900 CKD patients. Both groups (i.e., subjects with and without CKD) experienced similar benefits in terms of lower mortality and fewer cardiovascular events, regardless of baseline CKD status and eGFR level. This benefit did not depend on the type of BP-lowering drug that was used or the presence or absence of proteinuria. Notably, however, the vast majority of CKD patients were in CKD stages 1-3 (i.e., eGFR > 30 ml/min/1.73 m 2 ). Patients with eGFR lower than 30 ml/min/1.73 m 2 contributed to the overall study sample in only 0.3% [54] .
One of the most important recent clinical hypertension studies was the Systolic Blood
Pressure Intervention Trail (SPRINT). This trial provided new arguments to the ongoing discussion of target BP values in different populations and significantly influenced the recent United States guidelines for hypertension treatment. The SPRINT study showed that aggressive BP management had a significant beneficial effect on all-cause mortality, cardiovascular mortality, and heart failure rate but was also associated with a significant reduction of eGFR, with the risk of kidney function worsening being 3.49-times higher in patients with target SBP < 120 mmHg as compared to patients whose target BP was established at the level of 135-140 mmHg [55] . The findings of the SPRINT trial may not be fully applicable to most of hypertensive patients due to unique method of BP assessment (i.e.
unattended automatic blood pressure measurement that virtually eliminated the 'white coat' effect). The substantial difference in BP between routine and automatic unattended BP assessment was also confirmed by other authors [56] .
One long-lasting dogma in nephrology is that albuminuria reduction equates with nephroprotection. Indeed, in the natural evolution of many kidney diseases, albuminuria/proteinuria precedes a reduction of GFR. In many cases, though the gradual loss of GFR is not preceded or even accompanied by urine protein loss. The dynamics of the eGFR reduction (usually 25% or 50% relative to baseline), the time to doubling baseline serum creatinine, or reaching a eGFR < 45 or 15 ml/min/1.73 m 2 (n.b., the latter is considered equivalent to ESRD) seem to better define the CKD progression. A drop in urine albumin loss may simply reflect a hemodynamic effect of certain drugs that lower intra-glomerular pressure (e.g., RAAS inhibiting agents -ACEi, ARB). In several prospective randomized trials, subsequent to BP lowering albuminuria reduction was not followed by a decrease in the rate of GFR drop [57] [58] [59] [60] . The results of the ACCOMPLISH (The Avoiding
Cardiovascular events through Combination therapy in Patients Living with Systolic
Hypertension) trial showed that more pronounced effect of antihypertensive therapy on GFR loss and the rate of cardiovascular events was associated with lower efficacy with regard to reducing albuminuria and vice versa [62] . These findings were codified by a joint conference of experts from the Food and Drug Administration and National Kidney Foundation, who recommended to not equate a reduction of albuminuria with nephroprotection [62] .
Conclusions
The true prevalence, diagnostic criteria, prevention, and treatment of HKD are poorly defined. Hypertensive kidney disease became a popular label for patients with CKD in whom proper diagnostic tests of renal disease were not performed or in whom the disease was difficult to define because of the multifactorial nature of kidney tissue damage. With the exception of patients in whom the clinically apparent episode of malignant hypertension is further confirmed by the morphological presentation of arterionephrosclerosis in kidney biopsies, HKD cannot always be unequivocally diagnosed even based of microscopic examination, but kidney biopsy is always helpful for at least narrowing the differential diagnosis. Currently we are not able to formulate any indications to perform kidney biopsy in patients with essential hypertension and renal involvement extending beyond 'classical' indications based on urine sediment findings, proteinuria/albuminuria and GFR. It is however of paramount importance to promote 'liberal' approach to kidney biopsy, for example, not to postpone it even in patients with mild, otherwise unexplained proteinuria. Non-invasive assessment of kidney disease should certainly be also considered. For example, patients with long-lasting, poorly controlled essential hypertension can be subjected to functional magnetic resonance imaging (fMRI)the growing body of evidence indicates the relationship between fMRI findings and features of kidney damage on microscopic assessment and even an insight into renal metabolism provided by this technique (although such a relationship still awaits validation) [63] . Another technique that holds promise in non-invasive assessment of renal damage is an ultrasound-based analysis of intra-renal blood flow that seems to be ideally suited for an assessment of kidney vasculature [64] . Finally, it seems that we enter the new era of nephroprotection due to the increasing role of sodium-glucose co-transporter type 2 inhibitors (SGLTi) in therapy. These drugs, initially developed to lower glucose in patients with poorly controlled type 2 diabetes, have also been demonstrated to protect from cardiovascular events and mortality in patients with and without diabetes, and are also used to improve blood pressure control in patients with well-controlled diabetes (not as glucoselowering, but as BP-lowering drugs). Given the wide range of nephro-and cardio-protective mechanisms one can expect that SGLT2i will shape the new future of patients with hypertension and kidney disease with or without diabetes [65] [66] [67] .
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